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Materials for energy 
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“With the imperative to change our energy 

technology mix to respond to the challenge of 

decarbonisation and of the security of energy supply, 

the need for new materials and processing routes is 

overriding. We need new energy technologies – 

not just any low carbon technologies, but more 

efficient and cost-competitive low carbon 

technologies.  

Materials play a pivotal role in the solution, 

providing the means to generate and conserve 

energy in a more efficient and cost-competitive 

manner.” 

Advanced  Materials 

“enabling”  

energy  technologies 



Manufacturing Crystalline Silicon PV Modules  
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The Clean Energy Manufacturing Analysis Center (CEMAC) report 

ManufacturingCleanEnergy.org 

Materials are the core 

of clean technologies 



EMIRI report 
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Advanced materials (plastics, non ferrous metals, steel, glass, 

ceramics …) represent today beyond 50% of the cost structure 

of clean energy & clean mobility technologies.  

Moreover trends like Industry 4.0 will squeeze out labor and 

energy costs possibly bringing the share of advanced materials 

in the cost structure up to 80%  

For instance, advanced materials represent today more than 

60% of the cost structure of Li-ion battery cells which are key for 

Europe’s transition to clean mobility. 

EMIRI, the Energy Materials Industrial Research Initiative, represents more than 50 organizations (industry, research, 

associations) active in advanced materials & nanotech for clean energy & clean mobility technologies. 

https://emiri.eu/ 



The four paradigms 
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Development of research paradigms of 

materials science and engineering 

NOMAD: The FAIR concept for big data-driven materials science 

Claudia Draxl and Matthias Scheffler 
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1. Volume (the amount of data), 

2. Variety (the heterogeneity of form and meaning 

of data),  

3. Velocity (the rate at which data may change or 

new data arrive) 

4. Veracity (the uncertainty of data quality) 

4V challenge:  



Materials discovery 
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Accelerating Advanced Energy Materials Discovery by Integrating 

High-Throughput Methods with Artificial Intelligence 



Data driven experiments 
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Ada: self-driving lab for thin film materials 



EERAdata 

platform 

Exp 

synthesis 

IEMAP: Italian Energy Materials Acceleration Platform 
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Quantum 

mechanical 

modeling 

Selected 

structures 

Life Cycle 

Assessment 

Exp 

characterization 

Numerical 

Characterization 

ENEA DB 

Data 

Human 

intuition 

EERAdata 

platform 

Eureka ! 

Three use 

cases: PV, 

electrolizers, 

batteries 

Machine 

learning 
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Transversal multidisciplinary effort providing 

high-end expertise in applied mathematics and 

HPC to face energy scientific challenges and 

exploit the new European exascale (1018) 

supercomputers 

EoCoE 

The European Energy oriented Centre of Excellence 

• EOCOE-II (2nd phase): 3 years project (2019 – 2021) 

• Coordinator : Prof. E. Audit (Maison de la Simulation, 

CEA, Saclay) 

• 7 countries,18 partners 



Data repositories  

1. NOMAD, NOvel MAterials Discovery Repository (https://repository.nomad-coe.eu) 

2. Materials Cloud (www.materialsproject.org) 

3. MATDB (https://odin.jrc.ec.europa.eu/alcor/Main.jsp) 

4. Open Materials Database (http://openmaterialsdb.se/) 

 

5. AFLOW, Automatic FLOWfor materials discovery (http://aflowlib.org/) 

6. OQMD, Open quantum materials database (http://oqmd.org/) 

7. T-COD, Theoretical Crystallography Open Database (www.crystallography.net/tcod) 

8. High Throughput Experimental Materials (HTEM) Database (htem.nrel.gov) 
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https://repository.nomad-coe.eu/
https://repository.nomad-coe.eu/
https://repository.nomad-coe.eu/
http://www.materialsproject.org/
https://odin.jrc.ec.europa.eu/alcor/Main.jsp
http://aflowlib.org/
http://oqmd.org/


Metadata 
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There are several examples of metadata approaches in computational materials science, 

the most prominent being: 

 

• ChemML, the Chemical Markup Language (www.xml-cml.org), 

• CIF, the Crystallography Information File (www.iucr.org/resources/cif),  

• VASP (http://cms.mpi.univie.ac.at/vasp/vasp/vasp.html) or  

• Molpro (www.molpro.net/info/2012.1/doc/manual/manual.html)  

• XML outputs 

• XYZ (http://openbabel.org/wiki/XYZ_(format)) for the storage of the configuration of a 

system (atomic species, coordinates, also allowing for comments). 

In general, a metadata structure is built a priori, by starting from a 

list of names that identify the needed concepts and quantities. 

Code outputs and file formats are then designed to reflect the a 

priori metadata structure. 



MatDB 
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The European Commission JRC ODIN Portal hosts a number 

of scientific databases, one of which is MatDB.  

MatDB is a database application designed to store mechanical 

test data coming from tests performed in accordance with 

mechanical testing standards.  

 

The metadata are organized into categories relevant to 

materials testing, so that there are main entities:  

• for source (i.e. provenance),  

• material (i.e. production, heat treatment, microstructure, etc),  

• specimen,  

• test condition,  

• documents and  

• test result.  

The access management model supports both open access 

and restricted access. With a view to FAIR compliance, the 

database supports data citation (using the DataCite framework) 

and interoperability standards for test data (hosted at CEN). 

https://odin.jrc.ec.europa.eu/alcor/Main.jsp 

https://odin.jrc.ec.europa.eu/
https://odin.jrc.ec.europa.eu/alcor
https://datacite.org/
http://uri.cen.eu/cen


Materials Cloud 

13 

https://www.materialscloud.org 
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Open-access collection of 

theoretically calculated or refined 

crystal structures of organic, 

inorganic, metal-

organic compounds and 

minerals 



NOMAD 
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https://repository.nomad-coe.eu 
Ghiringhelli et al. , npj Computational Materials (2017) 3:46 ; doi:10.1038/s41524-017-0048-5 

Currently, the NOMAD Repository holds the information of over 40 million total-energy 

calculations (corresponding to converged single point, atomic structure, calculations), which 

corresponds to several billion CPU hours. NOMAD offers their users to restrict (for up to 3 years) 

their upload to themselves and other selected users, or to make them “open access” right away. 

NOMAD Repository contains also all the original inputs and outputs of the data in the AFLOW, 

OQMD, and Materials Project databases. While this has been and is useful for its purpose of 

data sharing via a repository (enabling the confirmatory analysis of materials data, their reuse, 

and repurposing), the data is very heterogeneous, as they are provided by the different codes. 

“NOMAD Meta Info” , i.e., the metadata defined and used for the NOMAD code independent 

data format, is defined a posteriori, by starting from the existing inputs and outputs of many 

different codes stemming from different scientific fields and thus with quite diverse feature 

sets. 

Three formats to store data using the NOMAD Meta Info: the human readable JSON, 

HDF5, and Apache Parquet. 

https://repository.nomad-coe.eu/
https://repository.nomad-coe.eu/
https://repository.nomad-coe.eu/


OPTIMADE 
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The Open Databases Integration for Materials Design (OPTIMADE) 

consortium aims to make materials databases interoperational by developing 

a common REST API. 
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